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ABSTRACT
Study Design: Prospective cohort. Objective: To describe clinical and demographic characteristics
of a sample of children with HI referred for acute care in a referral center of the north region of Minas
Gerais, Brazil, and assess clinical and radiological markers associated with unfavorable outcomes.
Methodology: All children between the ages 0 to 14 years referred with head injury from February to
September 2011 were included in this study. Socio-demographic and clinical data were collected at the
moment of the initial assessment under informed consent. The patients were also reassessed via tel-
ephone calls after 7 and 91 days. Results: A total of 77 patients were included in this study. The mean age
was 3.9 years with a standard deviation of 3.76 years. Falls and bicycle collisions were the main mecha-
nisms of trauma. The most relevant clinical marker associated with unfavorable outcomes at 7 days was
the parental perception of unusual behavior (Odds Ratio = 11.33; 95% confidence interval: 1.38-93.13; p
= 0.02). Computer tomography scan abnormalities were associated with both unfavorable outcomes at 7
days (p=0.03) and at 91 days (p=0.02). Conclusions: The peculiar aspects of head injuries in a Brazilian
population were described in this study. It was also found that unusual behavior and abnormalities on CT
scan are factors that predict unfavorable outcomes in children with mild HI in this population.
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Introduction
Head injury (HI) is a major cause of mortality
and disability in the pediatric population throughout
the world.1 Children disability secondary to HI is also
associated with significant caregiver burden.2
As poor outcomes are more common in patients
with moderate or severe head injuries, hospital-based
studies have focused in the outcomes of these patients.3
However, recent studies have raised concerns about
the long-term consequences of the mild traumatic brain
injury (TBI).4 Furthermore, as mild HI is much more
common, it is expected that mild TBI has a greater
contribution to the overall burden of disability.4
The objective of this study was to describe clini-
cal and demographic characteristics of a sample of
children with HI referred for acute care in a referral
center of the north region of Minas Gerais, Brazil.
Clinical and radiological markers associated with
unfavorable outcomes were assessed.
Material and methods
This study was conducted in the main referral
hospital for emergency neurological care in the north
region of Minas Gerais, Brazil, in a city called Montes
Claros. That hospital covers a local population of over
400,000 inhabitants and receives referrals from a ter-
ritory with over 1,600,000 inhabitants.
Following approval of the local ethics commit-
tee, all children between the ages 0 to 14 years re-
ferred with head injury from February to September
2011 were included in this study. Socio-demographic
and clinical data were collected at the moment of the
initial assessment under informed consent. Glasgow
Coma Scale (GCS) was used to classify the HI into
three levels of severity.5 Conscience in children be-
low 4 years-old was evaluated with the pediatric scale
described by James and Trauner.6 Trauma mechanisms
were categorized as mild, moderate or severe as pre-
viously described.7 The patients were also reassessed
via phone calls after 7 and 91 days (13 weeks) for the
presence of unfavorable outcomes.
In this study an unfavorable outcome was de-
fined as the presence of any of the following: persist-
ence of symptoms (headache, vomiting and dizziness),
neurological impairments (cognitive, sensitive or
motor deficits, behavior changes, sleep disturbances
and seizure), weight changes, hospital admission and
death.
All data analysis was performed in the free soft-
ware R version 3.0.0 for Windows.8 The effects of
the clinical variables on the presence of unfavorable
outcomes at 7 and 91 days were calculated using the
multiple logistic regression model. The association
of these outcomes and abnormalities in computer to-
mography scan was evaluated with the Pearson’s Chi
squared test. The characteristics of the patients who
lost the follow-up were compared to those that com-
pleted it using Pearson’s Chi squared test. Missing
data were excluded from the analysis. Results were
considered significant under the level of 5% (p<0.05).
Results
Demographic features
A total of 77 patients were included in this
study. The majority of the patients were from the city
in which the hospital is located (n=72; 93.5%) and
the remaining (n=5; 6.5%) were from cities up to 188
km away. There was a slight predominance of males
(n=44; 57.1%). The mean age was 3.9 years with a
standard deviation of 3.76 years.
Timing and injury variables
Children generally arrived in hospital by car
(n=40; 51.9%), accompanied by their parents (n=74;
96.1%), after 5.98 hours in average after the trauma.
The main trauma mechanisms were falls from height
(n = 27; 37.0%) or falls while standing, walking or
running (n=14; 18.2%). Bicycle collisions were the
third most common mechanism (n=11; 14.29%). Im-
portantly, in none of the cases, the children were wear-
ing helmets (see table 1).
The trauma generally occurred at the child’s
home (n = 41; 53.3%) or in the street (n=16; 20.76%),
while under supervision of their parents (n = 36;
46.7%).
Clinical manifestations
The main symptoms reported were headache
(n=42; 54.6%; participants with missing data = 7) and
unusual behavior (n=21; 27.3%; participants with
missing data = 1). Only five children had a history of
loss of conscience, although it was dubious in six
others. Conscience was normal (GCS = 15) in most
cases at the moment of the evaluation. Only three
cases had a GCS of 14 and one case presented with a
GCS of 3.
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Physical findings were generally normal, with
the exception of scalp hematomas that were present
in 26 cases (33.8%; missing = 1). Anisocoric pupils
were present in two cases; nonreactive pupils, orbital
ecchymosis, cerebrospinal fluid otorrhea and rhinor-
rhea were present in only one case.
Only 2 patients had epilepsy or other neuro-
logical diseases and 13 patients (16.88%) had been
evaluated before for HI in the emergency department.
Management
The majority of patients were only observed in
the emergency department and treated for their symp-
toms. Instructions to the parents regarding alarming
signs were also provided. Only one patient was treated
with surgery (decompressive craniectomy and he-
matoma drainage).
Outcomes
Out of the 77 patients, only one died from head
injury. Of those 76 surviving (all of which had a GCS
of 14 or 15), follow-up phone interviews were ob-
tained from 62 children (81.58%) at 7 days after the
injury and from 47 children (61.84%) at 91 days. The
group of patients who completed the follow-up did
not differ from those that lost it, regarding demo-
graphic, clinical and radiological characteristics at the
initial evaluation (p > 0.05), with the exception of the
proportion of patients with less than 4 years, which
was higher in the latter group (p = 0.049).
At 7 days, 13 children (20.97%) had some type
of unfavorable outcome, including persistent head-
ache (n=4), vomiting (n=4), hospital admission (n=2),
behavior change (n=1), dizziness (n=1) and sleep ab-
normality (n=1). The most relevant clinical marker
associated with unfavorable outcomes at 7 days, was
the parental perception of unusual behavior (Odds
Ratio (OR) = 11.33; 95% confidence interval (95%
CI): 1.38-93.13; p = 0.02). A history of a non-mild
trauma mechanism and the presence of scalp he-
matoma also presented a trend toward significance
(see table 2). At 91 days, unfavorable outcomes were
reported for 4 children (8.51%), including weight
changes (n=3) and increased frequency of headaches
(n=1). Additionally, 18 children interviewed at 91 days
(52.94%) missed school classes for up to three weeks.
None of the clinical markers were associated with
unfavorable outcomes at 91 days, although the pa-
rental perception of unusual behavior and an age be-
low 4 years presented a trend toward significance
(p<0.10; data not shown).
Computer tomography scan (CT scan) was per-
formed to 21 patients (27.6%). The most important
clinical factors that were associated a CT scan request
were a history of loss of conscience and of abnormal
behavior (see table 3). Abnormalities on CT scan were
associated with unfavorable outcomes at both 7 days
(p=0.03) and 91 days (p=0.02). CT scan request was
not associated, in itself, with the informed unfavorable
outcomes (data not shown).
Discussion
This study reported for the first time the charac-
teristics of pediatric head injuries in the north of Mi-
nas Gerais, Brazil. The predominance of boys in our
study follows a universal finding.9,10,11 When analyzing
the causes of head injury in that population, we ob-
serve the predominance of falls, either from heights,
stairs or while standing, walking or running (table 1).
Table 1: Trauma mechanisms in the sample
Trauma mechanism n %
Falls from height 27 37.0%
Falls while standing, walking or running 14 18.2%
Bicycle collisions 11 14.3%
Falls from stairs 7 9.1%
Motor vehicle-related 7 7.8%
Sports-related 2 2.6%
Others 9 11.7%
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While some authors also found an important role of
falls,9 others have identified greater contributions of
motor vehicle crashes1,10 and sports-related injuries.11
This discrepancy can be explained by distinct mean
ages of the children and by cultural differences.
Injuries of the brain in children have important
distinctions from those occurring in adulthood. In the
immature brain, functional specificity is not complete
and this fact has been associated with a better recov-
ery from injuries, via modification of neural circuitry,
a phenomenon called plasticity. However, an injury
to a developing brain can also disrupt a predetermined
developmental process, resulting in a somewhat con-
tradictory higher vulnerability.12
In this sense, although HI is generally mild and
rarely fatal, the occurrence of impairments in children
after mild HI is well described, especially for the neu-
ropsychological domains.13,14,15 These impairments
can be subtle and become more evident in the long
term. This delayed effect can be partly explained by
the neuroinflammation process that can persist for even
months.16
Table 2: Clinical markers and their associations with unfavorable outcomes after 7 days
Clinical marker OR (95% CI) p
Male gender 3.99 (0.43-36.61) 0.22
Age less than 4 years 1.52 (0.22-10.34) 0.66
Non-mild mechanism 6.71 (0.64-53.36) 0.09
History of loss of conscience 1.29 (0.07-25.59) 0.87
Abnormal behavior 11.33 (1.38-93.13) 0.02*
Headache 0.16 (0.01-4.83) 0.29
Previous head injury 0.29 (0.02-3.77) 0.34
Scalp hematoma 6.05 (0.69-53.25) 0.10
Vomiting 0.64 (0.10-4.08) 0.63
OR = Odds Ratio; CI = Confidence Interval.
Table 3: Clinical markers and their associations with Computer Tomography scan request
Clinical marker OR (95% CI) p
Male gender 0.78 (0.20-3.06) 0.72
Age less than 4 years 0.48 (0.10-2.24) 0.35
Non-mild mechanism 3.14 (0.62-15.58) 0.17
History of loss of conscience 10.67 (1.33-85.64) 0.03*
Abnormal behavior 5.52 (1.19-25.40) 0.03*
Headache 0.10 (0.01-1.67) 0.11
Previous head injury 0.78 (0.12-5.00) 0.80
Scalp hematoma 1.60 (0.38-6.63) 0.52
Vomiting 3.12 (0.80-12.28) 0.10
OR = Odds Ratio; CI = Confidence Interval. * p < 0.05.
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In our sample, persistent headache, vomiting,
behavior change, dizziness and sleep abnormality
were reported at 7 days following the injury. These
abnormalities were mostly transient and were not
present when they were reassessed at 91 days, with
the exception of headache. Accordingly, it was previ-
ously described a higher incidence of headache after
3 months in children suffering a mild HI, when com-
pared to children with arm injury.17
Weight gain is another established complica-
tion of HI and can result in a mean body mass index
(MBI) z-score increase of 0.4.18 Obesity after trau-
mas is often referred as a type of “hypothalamic obes-
ity”.19 On the other hand, weight loss was also re-
ported as a complication of head injuries.20 From all
the patients evaluated after 91 days in this study, one
had gained weight, while in two other cases a weight
loss was reported.
CT scan, when indicated, can be very useful to
guide the therapeutic decisions in the emergency set-
ting. In this study, although CT scans did not modify
the treatment in any of the children with a GCS of 14
or 15, abnormal findings were associated to unfavo-
rable outcomes in the two evaluated moments, sug-
gesting that it can aid in the prediction of these out-
comes.
It is important to emphasize, however, that rou-
tine radiological examinations can represent a finan-
cial burden, especially in low-income countries, and
that they are associated with considerable radiation
exposure and increased risk of malignancy.21 Consid-
ering this, we also seek the identification of clinical
markers of unfavorable outcomes. The factor most
strongly associated with these outcomes was the pa-
rental report of abnormal behavior (table 2). This fac-
tor also influenced the physician request of CT scans
(table 3). Accordingly, parental report of whether the
patient is acting normally has been included in deci-
sion trees for CT scan recommendation.7
This study has some limitations. Our sample
can be considered small and markers with lower, but
still relevant associations with poor outcomes might
be missed. Another limitation is that the patients were
not seen in the follow-up interviews, but were assessed
by telephone only. Although telephone interviews
were previously used in the follow-up of children with
HI,7 additional studies with a higher number of par-
ticipants and with physical examinations on follow-
up are important to confirm these results and extend
them to other populations.
In summary, the peculiar aspects of the head
injuries in the pediatric population of the North of
Minas Gerais were described. It was also found that
unusual behavior and abnormalities on CT scan are
factors that predict unfavorable outcomes in children
with mild HI in this population.
RESUMO
Modelo do Estudo: Coorte prospectivo.  Objetivo do Estudo: Descrever características clínicas e de-
mográficas de uma amostra de crianças encaminhadas por traumatismo craniano em um centro de refe-
rência na região norte de Minas Gerais e avaliar marcadores clínicos e radiológicos associados a desfe-
chos desfavoráveis. Metodologia: Foram incluídas neste estudo todas as crianças entre 0 e 14 anos
atendidas com traumatismo craniano de fevereiro a setembro de 2011. Dados sócio demográficos e
clínicos foram coletados no momento da avaliação inicial sob consentimento informado. Os pacientes
também foram reavaliados por telefone após 7 e 91 dias. Resultados: Um total de 77 pacientes foi
incluído neste estudo. A idade média foi de 3,9 anos, com desvio padrão de 3,76 anos. Quedas e colisões
de bicicleta foram os principais mecanismos de trauma. O marcador clínico mais relevante associado a
desfechos desfavoráveis com 7 dias foi a percepção pelos pais de comportamento anormal (Odds Ratio
= 11,3; intervalo de confiança de 95%: 1,38-93,13; p = 0,02). Alterações na Tomografia Computadorizada
foram associadas tanto a desfechos desfavoráveis após 7 dias (p=0,03) como após 91 dias (p=0,02).
Conclusões: Os aspectos peculiares do traumatismo craniano em uma população brasileira são descri-
tos neste estudo. Encontrou-se, ainda, que um comportamento anormal e alterações na TC são fatores
que predizem desfechos desfavoráveis em crianças com traumatismo craniano leve nessa população.
Palavras-Chave: Traumatismos encefálicos. Criança. Traumatismos craniocerebrais.
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